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TITLE QF THE INVENTION: 

METHODS FOR THE PREVENTION OR TREATMENT OF 
VASCULAR HEMORRHAGING AND 
ALZHEIMER'S DISEASE 

5 CROSS-REFERENCE TO RELATED APPLICATIONS: 

This application is a continuation-in-part of U.S. patent 
application serial no. 08/347,144 filed November 22, 1994. 

FIELD OF THE INVENTION : 

The invention relates to an improved method for 
10 preventing or treating vascular hemorrhaging. More 
specifically, the invention concerns methods for providing 
improved thrombolytic therapy to individuals who receive such 
therapy, and for diagnosing and treating diseases, such as 
Alzheimer's disease, that are characterized by the deposition 
15 of amyloid deposits. The invention further relates to 
therapeutic agents for the prevention of the vascular and 
cellular damage induced by amyloid deposits. This invention 
was funded with Government funds (R01AG10462 and 
R01AG11525). The Government has certain rights in this 
20 invention. 

BACKGROUND QF THE INVENTION: 

I. PLASMINOGEN AND PLASMINOGEN ACTIVATORS 

The serum protein, plasminogen, plays an integral role in 
25 the proteolytic dissolution (or fibrinolysis) of blood clots. 
Plasminogen is an inactive "proenzyme." It has a specific 
affinity for fibrin, and thus becomes incorporated into blood 
clots as they form. Plasminogen's proteolytic activity is 
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released by -plasminogen activators" CPA") that specifically 
"ea" the molecule » *. active protease, p asm,. 

Plasmin is capable ot digesting the fibrin threads of blood 
dots as well as other substances involved tn creating blood 
5 dote, such as fibrinogen, factor V. factor V.H, prothromb.n. 
and factor XII (for review, see 

cl. K. a. a!.. Adv. Cane. Has. 4*139-266 (1986). here.n 
incorporated by reference)). 

Plasmin is a serine protease, and exhibits substant.al 
10 amino acid and mechanistic homology with tryps.n 
chymotrypsin. and pancreatic elastase. Plasmtn has a 
relaflve7y broad trypsin-like specificity, hydrolyzing proteins 
eXa des at lys* and arginyl bonds (Castelllno RW. etaA. 
mJ. Enzyme,. 80:365-380 (1981): Dana. K. e, a/.. My. Cane 
1R nes 44-139-266 (1985)). 

Two classes of natural mammalian plasminogen 
activators have been described: urokinase-we plasminogen 
activator and tissue-type plasminogen activator ( t-PA I 
* " at al Adv. Cane. Res. 44:139-266 (1985); Devlm. at 
20 Tpct WO88/05081: Kasaia a, a,.. U.S. Paten, 5 098.840: 
Havasni S el al.. U.S. Patent 4.861 .345: Sasak, el al.. US. 
^ 4 258 0^ Hayashi, S. al a,., U.S. Patent 5,004 609; 

C a, a,., Ame, J. Palno,. 138:1059-1067 (1991); Madison, 
EL at al Nature 339:721-724 (1989); Bias,, F. at al.. J. Cell. 
25 Biol. 104:801-804 (1987)). These two classes of molecules car, 
be distinguished immunologically, by tissue localization, and by 
*e Saltan of their activity by fibrin. In addition a third 
plaslogen activator, streptokinase, ha, also "°°« ^ 
Streptokinase differs from urokinase and tPA ,n that ,t is a 
30 bacterial protein produced by the mult| . 

Urokinase-type plasminogen activator (UK) is a mult, 
domain protein with one domain being 
protease (Castellino. RW. a. al.. Math. E^mol 
(1 981 V Dane K. at al.. Adv. Cane. Res. 44.139-266 (1985). 
35 sCb'urger W. at a/.. FEBS Le«. 157:219-223 (1983), Th,s 
3 plase domain converts plasminogen to plasmin by cleavage 
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at an arginyl residue (Castellino, R.W. et al., Meth. Enzymol. 

80:365-380 (1981); Dano, K. et a/., Adv. Cane. Res. 44:139-266 

(1985)). The amino acid sequence and three-dimensional 

structure of several serine proteases, including trypsin, 
5 chymotrypsin, and elastase have been deduced (Dano, K. et a/., 

Adv. Cane. Res. 44:139-266 (1985); StraBburger, W. et al., FEBS 

Lett. 1 57:21 9-223 (1983)). 

Urokinase is synthesized in the kidneys, and can be 

recovered from urine. It is initially produced as a single chain 
10 protein, n pro-urokinase N that can be proteolytically cleaved by 

plasmin into an active two-chain protein (Devlin, et a/., PCT 

appl. WO88/05081). 

Tissue-type plasminogen activator (t-PA) is produced by 

the cells that line the lumen of blood vessels or endothelial 
15 cells. Like urokinase, tPA is also initially produced as a 

single-chain molecule (Rijken, D.G. et at., J. Biol. Chem. 

256:7035-7041 (1981); Pennica, D. et al., Nature 307:214-221 

(1983)). 

The known plasminogen activators differ significantly in 

20 characteristics such as their biological half-lives and their 
preference for fibrin. All three classes of activators have been 
widely used as thrombolytic agents for the treatment of 
thrombosis in myocardial infarction, stroke, arterial occlusion, 
etc. (Kasai et al., U.S. Patent 5,098,840; Hayashi et al. t U.S. 

25 Patent 5,004,609; Hayashi et a/., U.S. Patent 4,851,345; Sasaki 
et al., U.S. Patent 4,258,030). 

The administration of t-PA for the treatment of 
thrombosis in myocardial infarction, stroke, arterial occlusion, 
and other cardiovascular diseases reflects the production of 

30 minute blood clots which are formed during the disease 
process. The presence of such clots significantly increases the 
criticality of the disease, and increases its morbidity. Since t- 
PA is able to activate plasminogen to plasmin, it is capable of 
initiating the cascade of events needed to dissolve undesired 

35 blood clots. As such, its administration significantly 
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ureases me .Cam, — - -* »*~- 
a „o Cher acute cardiovascular Mn3Se has be en 

Urtortunately, *e use o» «-PA ana P ^ 

esspcieted with me occurence -J^» 2S;210 . 213 

, Individuate (Pend*bury, ^^Uw 0993 , Kasa. 
(1989)-,Widick8,EP.M.a ( ^SIro»ca ^ 

C.S.el a/., Ann/a. /ntem. Mad- when adr „,nistered 

Str o*e ^ ouLnr hepadn. This 

with anti-clottmg factors such as sUept0 Klna8e to 

10 pbenomenon has ° eda'h cesses - patients, 

,reat cardiovascular disease in c 327;45 . 

notably, me elded, (Topol EJ. . Car() ,. 0 , )9;289 - 

47 » ^/ctcir .^448-459 ,1991)). 

294 (1992); Gore, J.M. ex a/., wruu 

„ B , M AMn RELATED CONDITIONS 
15 ||. ALZHEIMER'S DISEASE AND RELAitu 

, /«Arr\ is a progressive disease of the 
Alzheimer's d.sease ( AD ) s a p. jn 

human central nervous system. « • 

^iffirultv with 

- eWeri> ' ZXZ ettma, and by 

language, calculation, or via ^ ^ degenera ting 
20 psychiatric manifestation^ n neinw( . s di8 ease is 

neurons in several regions of me bra, ^ ^ 

reviewed by Pnce. BL * «M Res . 2 0:63-68 (1992,)-. 
(1 99 1»; Pollwein, P. at »■!» ,,992)) ^ Johnson, 

25 Wiley-Uss. ^ 

Pathologically. Alzheimer s disease ^ ™ J 39 . 43 
presence o. intracellular tangles, and an e x r 

amino acid peptide Known as the p/M amy PJ ^ ><( 
30 D.L. at a/., Oh Nauropha «t I* 8MM (19 )■ ^ 

A*"*** /C'fib^s ormed by this peptide 
Res. 30.687-689 (1991) . The <*f» e)(ttaee ,| ul ar space 

are concentrated in ««»« ^ elements o. the 

0, me bram parenchyma and m the ^ v ^ fles . 

35 brain and the pia-arachnoid (Curne, J.H. 
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30:687-689 (1991)). All cases of Alzheimer's disease show 
such deposition of amyloid in brain parenchyma. 

The amyloid peptide is produced from the proteolytic 
cleavage of an amyloid precursor protein ("APP") which is 
5 encoded by the APP gene located on chromosome 21. The APP 
gene is preferentially expressed in the brain cells of the 
central nervous system. APP mRNA is processed by alternate 
splicing, and by proteolytic cleavage, such that different 
isoforms of APP are generated (Pollwein, P. er al. (Nucl. Acids 

10 Res. 20:63-68 (1992); Price, D.L et al., Clin. Neuropharm. 
74:S9-S14 (1991)). 

Researchers have proposed that APP is a cell surface 
receptor or a transmembrane protein, in which the p/A4 domain 
is partly embedded in the cell membrane. The secretion of the 

15 p/A4 peptide thus reflects the cleavage of the domain from the 
precursor molecule (see, Roch, J.M. et al., J. Biol. Chem. 
207:2214-2221 (1992)). Although the accumulation of p/A4 
peptide in Alzheimer's disease is believed to result from the 
so-called "amyloidogenic" processing of one or more of the 

20 APP isoforms (Currie, J.R. et al., J. Neurosci. Res. 30:687-689 
(1991)), the exact mechanism of B/A4 peptide formation is not 
yet known (see, Johnson, S.A. (In: Review of Biological Research 
in Aging, Vol. 4., Rothstein, M. (Ed.), Wiley-Liss, NY, 163-170 
(1990); Roch, J.M. era/., J. Biol. Chem. 267:2214-2221 (1992)). 

25 The deposition of fibrils of p-amyloid peptide in the 

brain, in the form of neuritic deposits or within the walls of 
blood vessels, is a characteristic feature of a number of 
disorders including Alzheimer's disease, Hereditary Cerebral 
Hemorrhage With Amyloidosis-Dutch type ("HCHWA-D"), Down's 

30 syndrome and cerebral amyloid angiopathy ("OAA"). p-amyloid 
deposition also occurs in normal aging (Glenner, G.G. et al., 
Biochem. Biophys. Res. Commun. 720:885-890 (1984); Masters, 
C.L ef al., Proc. Natl. Acad. Sci. (U.S.A.) 02:4245-4249 (1985); 
van Duinen, S.G. ef al., Proc. Natl. Acad. Sci. (U.S.A.) 84:5991- 

35 5994 (1987); Coria, F. et al., Amer. J. Pathol. 720:422-428 
(1987); Prelli, F. et al., J. Neurochem. 57:648-651 (1988)). In 
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• n i„ HCHWA-D where the amyloid deposits 
CAA and especially m HCHWA D,m ^ is a 

ate predominantly .n the blood vessels, b ^ 
frequent event (Vonsattel, JP-G- «' «'•• *" 

649 t"h1 there is no treatment for Alzheimer's disease at 
5 To date there is to therapeutic reagents, 

any stage of its development Two *«*P some 
Cognex and Menthane, appear to 

vicLs but do no, a»e, ^«^^ n *X predicting, and 
ln view o, the importance "J^^m for achieving 
10 treating Alzheimer's disease, ane fechve means ^ 

these go a,s -^fX-d tombotytic therapy that 

desirable to provide annpra hemo rrhage. The 

would prevent or iessen the risk of undes ^ 

oresent invention provides reagents a 
15 accomplishing such improved diagnosis and therapy. 

F , ure 1 provides dte am^acid segu . syn^c 
p -amyloid Sf^i the variant found in 

20 ZXfZZ ^ — ,o the mufafion in 
.he HCHWA-D pep«de. is undeHined ady , ut , 

con rnr t o?r^r%.^sminogen by ,-PA in the 

25 presence of various 8,,mu ' a ' 0r !. calcula „ on 0 f plasminogen 

T^Vp); T I , IT- — » (solid 
activation by t-PA mwm v ^ p . amy , 0l d 

triangle). Mmylo.d pept.de 1-28 sohd sq ' rf gny 

peptide 1-28 Dutch (open square), or m 
30 protein stimulant (closed circles). 

STV't— W^rapy. More specHic.,,,, the 
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invention concerns methods for providing improved 
thrombolytic therapy to individuals who receive such therapy, 
and for diagnosing and treating diseases, such as Alzheimer's 
disease, that are characterized by the deposition of amyloid 
5 peptide. 

In detail, the invention provides a method for preventing 
or treating potential vascular hemorrhaging in an individual, 
especially hemorrhaging incident to the administration of a 
thrombolytic agent to an individual suffering from acute 

10 cardiovascular disease, which comprises administering to the 
individual an effective amount of an agent that specifically 
binds to p-amyloid peptide. The invention particularly concerns 
the embodiment in which the binding of amyloid peptide by the 
agent prevents the amyloid peptide from interacting with a 

15 thrombolytic agent. 

The invention also concerns the embodiments of this 
method wherein the agent that specifically binds to p-amyloid 
peptide is an antagonist of p-amyloid binding by the 
thrombolytic agent, wherein the thrombolytic agent is tissue 

20 plasminogen activator or streptokinase, and wherein the acute 
cardiovascular disease is caused by undesired thrombus 
production (such as, for example, myocardial infarction, stroke, 
ischemia, and pulmonary embolism). 

The invention particularly concerns the embodiments 

25 wherein the agent is an antibody, or an antibody derivative, 
that binds p-amyloid peptide or fibrils containing p-amyloid 
peptide but does not block fibrin's ability to bind and stimulate 
the thrombolytic agent (e.g., tissue plasminogen activator). 

The invention also provides a method for providing 

30 thrombolytic therapy, and of preventing or treating potential 
vascular hemorrhaging incident to the administration of a 
thrombolytic agent to an individual suffering from acute 
cardiovascular disease, which comprises administering to the 
individual an effective amount of a mutant derivative of t-PA, 

35 wherein the derivative specifically binds to fibrin, but is 
substantially incapable of binding to p-amyloid peptide. 
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5 amount efficient to p ^ agent , s 

T?/^ h riSH^ * (D a tissue plasminogen 
selected fr ° n m fti ^ e th g ; t ° U b P inds t0 p.amyloid peptide, but does not 

sr JTKi-*. - rr,L deriva,ive ' ,hal 

diagnoZ .He P-noe C amy*,d peprid- m . 
which comprises incubaring mat enal (N* » from 
cerebrospinal fluid, urine bssue -J***^ binds ,„ 
15 ,he individual with a labeled agent «. I* J ^ 
amyloid peptide, U, an amoum J, ^ ^ ^ 

detection ot any of the p amyloid p _P consi sting 
agant, wherein the agent . -^"""i™ , 9 hat P bi „ds to p- 
„?<„ a tissue plasminogen a— ana*9 ^ 

not bind fibrin. mAt hod for diagnosing the 
r • Sa. which 9 comprises 

25 CS. - JLSf olmed from individu a, wril, bssue 
piasminogen activator, JJ— , ^nen. - the 

and de.ermmmg the °* eM plasminogen activate, to 

material stimulates the tissue ,P determination 

convert me plasminogen fo P sm • where,n ^ ^ 

30 is accompushed by or th e change in 

ssr o.° a yr: — — - - 

" CVv^r- additionally PK-des a method - 

35 preventing or .rearing J^*? ZZ tissue- 
which comprises administering 
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plasminogen activator into the cerebrospinal fluid of the 
individual, optionally with plasminogen. 

The invention also provides a method for preventing or 
treating Alzheimer's disease in an individual which comprises 
5 providing a genetic therapy to the brain cells of the individual, 
the genetic therapy comprising the administration of a vector 
that directs the expression and secretion of tissue- 
plasminogen activator into the cerebrospinal fluid of the 
individual, optionally with plasminogen. 

10 The invention also provides a method for preventing or 

treating Alzheimer's disease in an individual which comprises 
providing an activator of transcription to the brain cells of the 
individual, wherein the activator is sufficient to mediate the 
expression of t-PA by the brain cells. 

15 The invention particularly provides the embodiment of 

such a method which additionally comprises: 

(A) providing a second activator of transcription to the 
brain cells of the individual, wherein the second activator is 
sufficient to mediate the expression of plasminogen by the 

20 brain cells; or 

(B) providing plasminogen to the brain cells of the 
individual. 

The invention also provides a method of preventing or 
treating nerve growth inhibition which comprises providing to 
25 the nerve cells of an individual an effective amount of a 
thrombin antagonist (such as an anti-thrombin antibody) which 
inhibits the activity of thrombin in the brain or prevents the 
binding- of thrombin to amyloid peptide or to fibrils containing 
amyloid peptides. 

30 DESCRIPTION OF THE PREFERRED EMBODIMENTS : 

I. Overview of the Invention 

Tissue-type plasminogen activator ("t-PA") is the major 
human plasminogen activator involved in vascular fibrinolysis. 
As stated above, despite the thrombolytic benefits of t-PA 
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10 



15 



20 



25 



30 



,dminis.ra.ion in .he treatment of acute ca d^ascu.a 
disease, such administration has resulted ,n a W ™ » °J 
•, ntr acranial hemorrhage, .ndeed.ini.ial repom 
and GUSTO-HA trials of the efficacy of .-PA therapy nav 
demonstrated intracranial bleeding ^ rates equal , or ^greale 
than 0 5% (Sobel, B.E.. Circulation 90:2147-2152 (1994)). ine 
!Tse o< such bleeding has not been previously ™°9"'" d fi 
However as discussed by Sobel, B.E., factors such as 
pension, age, female, impend Jive, ~ 

£1l47-2152 (1994)). Bleeding has been annbuted to the 
Lsceptability o the cerebral vasculature in specfic pahen s, 
incudfng those with occult amyloid deposition in vessel wails, 
o inlurv by proteolytic egents such as plasmm (Sobel, BE, 
n YoSU^ (1994,,. — 
Kot^n intracranial hemorrhaging and amyloid depos.x 
"Zee h'es been suggested, the cauea, relations,,* between 
amyloid deposits and hemorrhaging, and a means for 
dentin this re..«on ship h. /-JT^ )( ^ 
identified (Pendlebury. W.W. ef al„ Art. Neo U «rf. 29.210 213 
^1); ishii, N, a, a.., J. Neurof. N««* Kydua,. 47 203 
2,0 (1984); Kase, C.S. a. a,, *nn. " 217 
(1990); Wiidicks, E.F.M. et a/., Sfroke 24:554-557 (1993,^ 

The present invention derives, in part, 
re cogniUon that the (,-amyloid peptide is the cause o .he 

thPrJeutLlly to attenuate or prevent the vascular damage 
therapeutically w fl cnect of the present 

caused by amyloid deposrts. One asps* ^ o f > 
invention .hus concerns agents and methoas tor v » 
hdaging, especialiy hemorrhaging Uia, may occur due .o 
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the administration of thrombolytic agents such as t-PA or 
streptokinase. 

A mechanism for the involvement of amyloid peptide in 
the progression of Alzheimer's disease is discussed by Selkoe, 
5 D.J. (Trends Neurol. Sci. 16:403-409 (1993), herein incorporated 
by reference). Additionally, thrombin deposits have been found 
to accumulate in the brains of patients with Alzheimer's 
disease (Akiyama, H. et a/., Neurosci. Lett. 746:152-154 (1992); 
Akiyama, H. et a/., Neurobiol. Aging 75:S124 (1994)). Within the 

10 brain, thrombin appears to function as a nerve growth inhibitor, 
causing neurons to retract their neurites (Cunningham, D.D., 
Annl. N.Y. Acad. Sci. 674:228-236 (1992);Gurwitz, D. et a/ M Proc. 
Natl. Acad. Sci. (U.S.A.) 65:3440-3444 (1988)). Recently, a 
number of low-density lipoprotein receptor ("LRP")-binding 

15 proteins, including t-PA, have been found in amyloid plaque 
deposits (Rebeck, G.W. et al., Neurobiol. Aging 75:S117 (1994)). 

One aspect of the present invention concerns the 
recognition that thrombin-mediated nerve growth inhibition 
occurs through the accumulation of thrombin at the site of 

20 amyloid deposits. Thus, thrombin antagonists, such as anti- 
thrombin or anti-amyloid antibodies or p-amyloid 
peptidomimetic agents, which can prevent or inhibit thrombin- 
amyloid peptide association, can be used to prevent or treat 
neurological disorders. 

25 The capacity of (J/A4 amyloid peptide to activate t-PA 

also provides a highly sensitive method for diagnosing the 
presence of the p/A4 amyloid peptide. Similarly, agents that 
stimulate t-PA synthesis (for example, in the brain) can be 
used to induce the plasmin-mediated dissolution of amyloid 

30 deposits. 

Thus, the invention provides an improved therapy for 
thrombolytic intervention in the case of cardiovascular 
disease, as well as a diagnostic and therapeutic approach to the 
management of Alzheimer's disease. 
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II 



The interrelationship Between Amyloid 
Deposits and t-PA 



325:733-736 (19B/J, "uua , HPHWA-D the B-amy»oid 

(USA) 84:4190-4194 1987)). In HCHWAU, p y 
(U.b.A.j of.H 57 niutamine substitution at 

0 position 22 (Levy, c. ec hchWA-D are both 

wal „ o. e^Tend medium sized veese-s o, .he 'ep.omen.nges 
wans ot smd parenchymal deposits that 

qci 55121-135 (1982); Luyendijk, W. ef a/., J. iwuro 
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(1987)). However, fibrils may first be formed closer to the 
vessel lumen, within the abluminal vascular basement 
membrane (Yamaguchi, H. et a/., Amer. J. Pathol. 141:249-259 
(1992)). 

5 The origin of p-amyloid in both Alzheimer's disease and 

HCHWA-D has not been clearly established but it has been 
proposed that the vascular system is one source of APP 
(Tagliavini, F. et a/., Lab. Investigation 62:761-767 (1990); 
Selkoe, D.J., Neurobiol. Aging 70:387-395 (1989)). The amyloid 

10 precursor may first pass through the endothelium to be 
deposited within the vessel musculature. This mechanism is 
supported by the frequent finding of many serum proteins in 
vessel walls affected by CAA, suggesting that the 
microvasculature exhibits a relatively non-specific leakiness 

15 to some macromolecules (Powers, J.M. et a/., J. Neuropathol. 
Exper. Neurol. 40:592-612 (1981); Goust, J.M. et al., J. 
Neuropathol. Exper. Neurol. 43:481-488 (1984)). 

Human tissue-type plasminogen activator (t-PA) is a 
major extrinsic thrombolytic agent, originating from the 

20 vascular endothelium. Plasminogen activation by t-PA is 
stimulated by fibrinogen, and more dramatically by fibrin and 
fibrin analogs (Holyaerts, M. et al., J. Biol. Chem. 255:2912- 
2919 (1982)). 

The discovery that p-amyloid peptides function as fibrin 
25 or fibrinogen mimics that stimulate t-PA is consistent with 
observations that anti-p-amyloid peptide antibodies cross- 
react with conformational epitopes on human fibrinogen and 
that anti-fibrinogen antibodies cross-react with p-amyloid 
peptide (Stern, R.A. et al., FEBS Letters 264: 43-47 (1990)). 
30 The t-PA - p-amyloid interaction causes amyloid peptide 
fibrils in blood vessel walls to promote high local 
concentrations of t-PA and consequently high local 
concentrations of plasmin which result in proteolysis, rupture, 
and hemorrhaging of vessel walls. 
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•"• Msr -rr « 

Therapy 

A central aspect of the present invention concerns the 
nnition that the undesired hemorrhaging which is observed 

simulate «He abiHty o, .he administered ,PA .o produce 

-""U rdesl 0, s— o. t-PA can be attenuated .r 
prevented^ providing the patient with an effective amount o 
an agem thet can specifically bind to the p-amylo.d pept.de or 
Z fZ* Most preferably, the agent wit! be selected such 
L ut incapable or substantial incapable of binding fibnn. 

Z term "specific binding.' as used here,n refers to the 
capacITo two or more molecules to bind together due t o 
Tuctll attributes ot eech molecuie. A molecule ,s sa,d to 
o^c 1 ot "specific binding- to another molecule „ such 

*r , r rr rjrrs^rs is 

Sn Ig » ' Z£ — *«" me extent, i, any. o, such 

ss % « -rrrur 1 - 

ST fc "jT- m. present invention will exhibit 
preteraDiy, in h ,„ be mcapable or 

prevented Dy xne nmbab ilitv of hemorrhage in that 

srs^^^^ 1 --^ in pa,ien,s 
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who have not received that agent. Such administration may be 
either "prophylactic" or "therapeutic." A prophylactic 
treatment is one that is provided in advance of any symptom of 
hemorrhage in order to prevent or attenuate any subsequent 
5 hemorrhage. A therapeutic treatment is one that is provided i n 
response to the detection of hemorrhage, and serves to 
attenuate the degree, extent, or severity of such hemorrhaging. 
An amount of a therapeutic agent is said to be an "effective 
amount" if it is sufficient to mediate a clinically significant 

10 change in the severity of a symptom, or a clinically significant 
delay in the onset of a symptom. 

In some embodiments, the molecules of the present 
invention may be used in a "purified" form. As used herein, a 
molecule is said to be in a "purified" form if it is present in a 

15 preparation that lacks a molecule that is normally associated 
with that molecule in its natural state. 

The preferred binding agents of the present invention are 
antibodies or antibody fragments. Such antibodies may be 
intact immunoglobulins, or may be antibody fragments (F(ab'), 

20 F(ab') 2 , single chain antibodies, etc.), recombinant antibodies, 

antibody fusion proteins, chimeric antibodies, etc. Such 
molecules may be obtained by screening among antibodies 
elicited in response to immunization with either a p amyloid 
peptide or a peptide or peptidomimetic molecule that is a 

25 "functional analog" of a p-amyloid peptide. 

As used herein, the term "functional analog" includes both 
"classical analogs" and "mimetic analogs." A classical analog 
of a molecule is one that has a similar biological activity, and 
is chemically related to the molecule. By way of illustration, a 

30 non-naturally occurring mutant of t-PA would comprise a 
classical analog of t-PA. Similarly, a mutated p/A4 amyloid 
peptide would comprise an example of a classical analog of the 
p/A4 amyloid peptide Likewise, an molecule isolated from a 
non-human mammalian species (such as a mouse, monkey, etc.) 

35 would comprise an example of a classical analog of that 
molecule. In contrast, a "mimetic analog" of a molecule 
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"Ung siteo. t-PA o, c. p/A4 amyfoid pep,,de would 

, ^cu^c^rr^d r 

k « ID NO-1 Preterred biologically active fragments 
TZ WA^IOW peptide lack amino acid residues 29-42 o. 

NO-1 The fragments may be composed of only .hose 
Stu iu > » opn in NO-1 or may contain 

<y=0 ID NO:1 residues 1-28, ana a pepuuo r 

SSl "esidue. 1-28, wherein the amino acid a, resrdue 22 (G.u) 

15 is replaced with Gin. 

- rill Phe Arc His Asp Ser Gly Tyr Glu 

Asp Val Gly Ser Asn Lys Gly Ala lie He Gly Leu 
Met Val Gly Gly Val Val He Ala 



20 



25 



30 



35 



Actional t-PA or antibody binding fragments may be 
an!l , be resultant fragments assessed ^ ^ ^ 

pr ese,eo,ed number rt P ^ ^ , ength be 

may be any number. However, 11 ■* M „ ndatv struc ture to 
great enough to confer some amount dh M«v s tr c 

S» peptide, and fo be small Is of . m about 6 to 

XirSCr tooting fhe predefined 
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length, a general consideration is that 90% of linear epitopes 
recognized by antibodies are six amino acids or less in length 
(Geysen, KM. et a/., Proc. Natl. acad. Sci. (U.S.A.) 87:3998-4002 
(1984)). The preselected extent of overlap will generally 
5 exceed 50%, and will preferably be selected such that the 
overlap will be from about (n-1) to (n-3), where "n" is the 
predefined peptide length. An overlap of (n-1) is particularly 
preferred. 

Once the sequences of the entire library of peptide 
10 fragments have been ascertained, the peptides are synthesized, 
preferably using automated synthesizers such as a multipin 
peptide synthesis system. Suitable systems or peptide 
synthesis services are available from Cambridge Research 
Biochemicals, Inc.; ICI Biological Products, Inc.; Chiron 
15 Mimitopes, Inc.; Lab Products International, Ltd. 

In order to identify peptides having desired determinants, 
each peptide is introduced into a well of a microtiter plate, and 
evaluated for its capacity to bind and/or activate t-PA. Such 
determinations may be made in any of a variety of ways. 
20 Preferably, the effects of such peptides on the conversion of 
plasminogen to plasmin by t-PA are determined using a 
spectrophotometric method that permits the determination of 
the apparent first-order rate constant of plasminogen 
activation. 

25 In one embodiment, the peptide is immobilized to the well 

surface, and the assay is conducted by determining the extent 
of antibody that becomes immobilized to the support. More 
preferably, a competitive ELISA is conducted in which the 
ability of the peptide to compete with p-amyloid peptide 

30 antigen binding to antisera is determined. The extent of 
antibody binding by each peptide is determined and used to map 
the antigenic determinants of the molecule. Where no 
determinants are observed, the method is repeated using 
peptides of greater predefined length. When all observed 

35 determinants are present in only a single fragment, the method 
maybe repeated using peptides of lesser predefined length. In 
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such manner, the .ibrary o< peptides is eva.ua.ed and members 

♦ the antiaenic determinants are identitiea. 
^Z 1 :^ PeP^e been found to have an 
imm uno.ogica. 'determinant, the peptide £^ 
antibody production in naive animals (i.e.. an.mals that have no 
exposed to human p-amyloid peptide)^ Whje 
Hp^irad the peptides can be modified to increase the.r 
runogely' Thus, they may be modified to contain an 
alno-termina, and/or a 

residue with or without spacer arms. The peptides may oe 
residue wn ^ gerum alburni n, 

conjugated to carriers suc " „ et 

ovalbumin, human serum album.n, KLH (^» w 

since it causes lower background levels in ELISAs and 

th8 n do the albumins o. other species of 

ci nce the administration ot i-km to uioo 
wJST uttering or recovering horn acute cardiovasou,. 
" time perl0d (generally 

„ horn s lew hours ,o a few days), non-human origin 
snTodie may e rid Thus, polyclonal antibodies o« non^ 
humraninTaTs that bind to p-amyloid peptides ma, be 

: e nds incomplete Advent, a, one hal. ^ - ' 
... fnr the initial immunization. If aesirea, 
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In this embodiment of the invention, adverse immune 
responses are not relevant to the treatment provided by the 
antibodies since the duration of treatment is of the same or 
lower order of magnitude than the time needed for the patient 
5 to clear the foreign origin antibodies. To the extent that such 
undesired immune reaction occurs, the number of doses or the 
amount of each dose is increased to compensate. 

Although polyclonal antibodies can be used, murine 
monoclonal antibodies are particularly preferred (Koprowski, K 

10 et a/., U.S. Patents 4,172,124 and 4,196,265). BALB/c mice are 
preferred for this purpose, however, equivalent strains may 
also be used. The animals are preferably immunized with 
approximately 25 jug of affinity purified p-amyloid peptide (or 
an equivalent thereof) that has been emulsified with a suitable 

15 adjuvant (such as TiterMax adjuvant (Vaxcel, Norcross, GA)). 
Immunization is preferably conducted at two intramuscular 
sites, one intraperitoneal site, and one subcutaneous site at the 
base of the tail. An additional i.v. injection of approximately 
25 ng of antigen is preferably given in normal saline three 

20 weeks later. After approximately 11 days following the second 
injection, the mice may be bled and the blood screened for the 
presence of anti-p-amyloid antibodies. Preferably, a direct 
binding ELISA is employed for this purpose. 

Most preferably, the mouse having the highest antibody 

25 titer is given a third i.v. injection of approximately 25 \ig of p- 
amyloid peptide or fragment. The splenic leukocytes from this 
animal may be recovered 3 days later, and are then permitted to 
fuse, most preferably, using -polyethylene glycol, with cells of 
a suitable myeloma cell line (such as, for example, the 

30 P3X63Ag8.653 myeloma cell line). Hybridoma cells are 
selected by culturing the cells under "HAT" (hypoxanthine- 
aminopterin-thymine) selection for about one week. The 
resulting hybridoma clones may then be screened for their 
capacity to produce monoclonal antibodies ("rnAbs) to p- 

35 amyloid peptide, preferably by direct ELISA. 
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Thus in another embodiment, this invention contemplates 
a novel continuous hybridoma cell line which expresses 
monoclonal anti-p-amyloid peptide antibody, as we« as the use 
of such cell line to produce such antibody. The presen 
5 invention also contemplates a novel continuous hybridoma cell 
line wNch expresses anti-p-amyloid peptide antibody obtained 
by imln^ing an animal wKh p-amytoid peptide. Antibody may 
be obtained through the In vitro culturing of the ceUs o by 
injecting the cells into a histocompatable animal where they 
10 cTplferate and produce high levels o. an,,p-amylo,d 
peptide antibody. Such antibody can be recovered from the 
animal's ascites fluid, lymph, blood, etc. 

In a highly preferred embodiment, populations o 
polyclonal p-amyloid pepfide antibodies, or spaces of 
,5 monoclonal p amyloid pepfide antibodies, are further screened 
To remove those antibodies that are additionally capable of 
speci ally binding to fibrin. In .he case o, polyclona^ ser . 
such removal can readily be accomplished by passing the sera 
Cgh a column containing immobilized fibrin. In the case o 
20 monoclonal antibodies, such removal can be ****** * 
Evaluating the capacKy of the molecule to bind fibrm and hen 
discarding those hybridomas that produce antibodies that 
spec, Sy bind both p-am,.o,d peptide and fibrin. The 
eLination of antibodies the, bind fibrin serves to ensure « a, 
25 ,he antibodies will not disrupt the desired ability of the 
administered t-PA to dissolve fibrin clots. 

Where chronic or prolonged administration is desired, the 
use of non-immunogenic antibodies is preferred^ Such 
molecules can be pseudo-homologous (i.e., produced by , non- 
30 Tuman species, but altered to a form that is immunolog.cally 
Snot from human antibodies). Examples of such pseudo- 
homoogous molecules include -humanized- (,.e non- 
immunienic in a human) antibodies prepared by «M or 
o7er technology. Such antibodies are me equivalents of the 
35 monoclonal and polyclonal antibodies but are less 
^monogenic, and are bene, tolerated by the patient. 
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Humanized antibodies may be produced, for example, by 
replacing an immunogenic portion of an antibody with a 
corresponding, but non-immunogenic portion (i.e., chimeric 
antibodies) (Robinson, R.R. et a/., International Patent 
5 Publication PCT/US86/02269; Akira, K. et a/., European Patent 
Application 184,187; Taniguchi, M., European Patent Application 
171,496; Morrison, S.L et al., European Patent Application 
173,494; Neuberger, M.S. et at., PCT Application WO 86/01 533; 
Cabilly, S. ef a/., European Patent Application 125,023; Better, 

10 M. ef a/., Science 240:1041-1043 (1988); Liu, A.Y. et a/., Proc. 
Natl. Acad. Sci. USA 84:3439-3443 (1987); Liu, A.Y. et a/., J. 
Immunol. 739:3521-3526 (1987); Sun, LK. et a/., Proc. Natl. 
Acad. Sci. USA 84:214-218 (1987); Nishimura, Y. et al.. Cane. 
Res. 47:999-1005 (1987); Wood, C.R. et al., Nature 374:446- 

15 449 (1985)); Shaw et al., J. Natl.Cancer Inst. 80:1553-1559 
(1988); all of which references are incorporated herein by 
reference). General reviews of "humanized" chimeric antibodies 
are provided by Morrison, S.L (Science, 229:1202-1207 (1985)) 
and by Oi, V.T. et at., BioTechniques 4:214 (1986); which 

20 references are incorporated herein by reference). 

Suitable "humanized" antibodies can alternatively be 
produced by CDRor CEA substitution (Jones, P.T. ef al., Nature 
327:552-525 (1986); Verhoeyan et al., Science 239:1534 
(1988); Beidler, C.B. et al., J. Immunol. 747:4053-4060 (1988); 

25 all of which references are incorporated herein by reference). 

In an alternate embodiment of the invention, a mutant 
derivative of t-PA may be administered in order to achieve a 
more desirable thrombolytic therapy. Preferably, such a t-PA 
derivative will retain an ability to bind to fibrin, but will be 

30 substantially or completely incapable of binding to amyloid 
peptides of amyloid deposits. Such t-PA mutants may be 
obtained by, for example, mutating a nucleic acid molecule that 
encodes t-PA, expressing such molecules in a mammalian host 
cell line (e.g., Chinese hamster ovary cells), and determining 

35 whether such mutagenesis has resulted in a t-PA variant which 
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can bind to fibrin, but which has a decreased ability to bind to 
amyloid peptide. 

IV. The Diagnosis of Alzheimer's Disease and 
Related Conditions 

A second aspect of the present invention is derived, in 
part from the recognition that the amyloid peptide of 
Alzheimer's disease and HCHWA-D stimulate t-PA to cleave 
plasminogen into fibrin. Thus, the present invention prov.des a 
means for diagnosing the presence of amyloid pept.de 
associated with brain (i.e., "CNS" or central nervous system) 
cells of a patient. As used herein, a "CNS cell" is a neuron, or a 
cell in contact with nerve cells, such as a glial cell. 

In one embodiment, such diagnosis is conducted in vivo, 
by imaging the location and extent of amyloid peptide deposit. 
In accordance with this embodiment of the invention, an analog 
of t-PA is provided to an individual, and its binding to amyloid 
deposits is monitored. Most preferably, such t-PA analogs will 
lack the capacity to bind to fibrin, or to activate plasminogen, 
but will retain t-PAs capacity to bind amyloid peptide. 

Such derivatives can be readily isolated by mutating (or 
synthesizing) t-PA molecules that are substantially incapable 
of activating plasminogen (e.g., the t-PA variant in which the 
serine residue at position 478 has been replaced with an 
alanine residue), and then screening such molecules for those 
25 capable of binding to p-amyloid peptides. The use of such 
molecules in vivo has the advantage that their administration 
will not comprise an undesired thrombolytic therapy. 

Alternatively, the above-described antibodies to p- 
amyloid peptides may be used for such diagnosis. Most 
30 preferably, such antibodies will be capable of binding to p- 
amyloid peptides but be substantially incapable of binding to 

f,bnn Most preferably, for such in vivo use, such molecules will 
be detectably labeled, as with radioisotopes, paramagnetic 
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labels, etc. so as to facilitate the imaging of the location of 
any amyloid deposit. 

In yet another embodiment, material (such as blood, sera, 
urine, cerebrospinal fluid, tissue biopsies, etc.) may be 
5 withdrawn from a patient and evaluated for the presence of 
amyloid peptide using the above-described anti-p-amyloid 
peptide antibodies or t-PA analogs. The detection of these 
molecules may be done by any of a variety of methods. In one 
embodiment, antibodies are employed that are capable of 

10 binding to the p-amyloid peptides, and the presence of such 
molecules is determined via an immunoassay. A large number 
of suitable immunoassay formats have been described (Yolken, 
R.H., Rev. Infect. Dis. 4:35 (1982); Collins, W.P., In: Alternative 
Immunoassays, John Wiley & Sons, NY (1985); Ngo, T.T. et a/., In: 

15 Enzyme Mediated Immunoassay, Plenum Press, NY (1985); 
incorporated by reference herein. 

The simplest immunoassay involves merely incubating an 
anti-p-amyloid peptide antibody with a sample suspected to 
contain the target P-amyloid peptide molecule. The presence of 

20 the target molecule is determined by the presence, and 
proportional to the concentration, of any antibody bound to the 
target molecule. In order to facilitate the separation of 
target-bound antibody from the unbound antibody initially 
present, a solid phase is typically employed. Thus, for example 

25 the sample can be passively bound to a solid support, and, after 
incubation with the antibody, the support can be washed to 
remove any unbound antibody. 

In more sophisticated immunoassays, the concentration 
of the target molecule is determined by binding the antibody to 

30 a support, and then permitting the support to be in contact with 
a sample suspected to contain the target molecule. Target 
molecules that have become bound to the immobilized antibody 
can be detected in any of a variety of ways. For example, the 
support can be incubated in the presence of a labeled, second 

35 antibody that is capable of binding to a second epitope of the 
target molecule. Immobilization of the labeled antibody on the 
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support thus requires the presence of the target, and is 
proportions, to the concentration of .he farge, ,n , ft. samp£ 
in an alternative assay, the target is incubated With the sample 
and wifh a known amount of labeled targe,. The presence o, any 
5 target molecules in the sample competes wuh the labeled 
arget molecules for antibody binding sites. Thus, the amount 
of labeled target molecule the, is able to bind the antibody s 
lately proportional to the concentration of targe, molecule 

10 *\HnL.ed above, immunoessay formate may employ 
10 ,abe.ed antibodies to faci.itate de,ec.ion. 

immunoassays ("HIAe") have the advances °< ^ 
sensitivity, and ease o, use. Radioactive labels are o 
relatively small atomic dimension, and do no. normal y affect 
reaction kinetics. Such assays suffer, however, from the 
d!sadvan,ages .ha., due to radioisotopic decay, ttte reagents 
have a short shel.-lite, require special handling and disposal 
and entail the use of complex and expensive analytical 
equipment BIAs are described in ^'V™™^ 
Biochemistry in Molecular Biology, by Work, T.S., ef a/.. North 
HoCd Publishing Company, NY (1 978), with particular 
Terence to the chapter entitled -An ntroductio to 
Badioimmune Assay and Belated Techniques by Chard, T.. 
incorporated by reference herein. 

Enzvme-based immunoassay formate (ELISAs) have tne 
advantage .ha. .hey can be conducted using 
equipment, and w,«h a myriad of different enzymes «• *at a 
large number of detection strategies - colonmetno, pH, gas 
ZTution etc - can be used to quantitate the assay. In 
SST ^enzyme reagente have relatively long she" ves 
nH lark thG risk of radiation contamination that attends to RlA 
a u e MS** a e described in EUSA and Otner » F*~ 
TlunLsys (Kemeny. D.M. era, Eds.), Johr , Wiley * 8«£ 
(1988), incorporated by reference here.n. For these reasons, 
35 enzyme labels are particularly preferred. 
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No single enzyme is ideal for use as a label in every 
conceivable immunometric assay. Instead, one must determine 
which enzyme is suitable for a particular assay system. 
Criteria important for the choice of enzymes are turnover 
5 number of the pure enzyme (the number of substrate molecules 
converted to product per enzyme site per unit of time), purity 
of the enzyme preparation, sensitivity of detection of its 
product, ease and speed of detection of the enzyme reaction, 
absence of interfering factors or of enzyme-like activity in the 

10 test fluid, stability of the enzyme and its conjugate, 
availability and cost of the enzyme and its conjugate, and the 
like. Examples of suitable enzymes include peroxidase, 
acetylcholine esterase, alpha-glycerol phosphate 
dehydrogenase, alkaline phosphatase, asparaginase, p-galac- 

15 tosidase, catalase, delta-5-steroid isomerase, glucose oxidase, 
glucose-6-phosphate dehydrogenase, glucoamylase, 

glycoamylase, luciferase, malate dehydrogenase, peroxidase, 
ribonuclease, staphylococcal nuclease, triose phosphate 
isomerase, urease, yeast-alcohol dehydrogenase, etc. 

20 Peroxidase and urease are among the more preferred enzyme 
labels, particularly because of chromogenic pH indicators 
which make its activity readily visible to the naked eye. 

In lieu of such enzyme labels, chemiluminescent, 
radioisotopic, or fluorescent labels may be employed. Examples 

25 of suitable radioisotopic labels include 3 H, 111 In, 125| t 131| ( 
32p, 35s, 14c, 51cr, 57t 0 , 58c 0 , 59 Fe , 75s e , 152 Eu , 90y[ 
67cu, 217 C j, 211 A t, 212 Pb , 47 Sc , 109 Pd , etc. Examples of 
suitable chemiluminescent labels include luminal labels, 
isoluminal labels, aromatic acridinium ester labels, imidazole 

30 labels, acridinium salt labels, oxalate ester labels, luciferin 
labels, aequorin labels, etc. Examples of suitable fluorescent 
labels include fluorescein labels, isothiocyanate labels, 
rhodamine labels, phycoerythrin labels, phycocyanin labels, 
allophycocyanin labela, o-phthaldehyde labels, fluorescamine 

35 labels, etc. For purposes of magnetic resonance imaging, 
paramagnetic labels (3h, 13c, etc.) are preferred. 
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V The Prevention er Tteetment of Alzheimer's 
Dieeeee end Releted Condltione 

Yet enother aspect of the present ^^^'Zll 
prevention o, treatment of Alzheimer's disease and related 

5 COnd t n !nd.ca,ed. the HCHWA-D condition reflects both .he 
deoosition of amyloid peptide on to the surfaces of blood 
vessels and the proteolysis of such deposits by plasm.n, ,n a .- 
PA dependent process, tn accordance with fhe me*ods o, the 

gene encoding .-PA is not highly expressed ,n .he bram. 
(5 si , e 0 ( the Alzheimer's disease deposits. „.„„, 
Thus in accordance with the melhods of the presen 
inventln me adminisfra.lon o, .-PA Into *e cerebrospma, 

r "'pCs NY ^,987)"s.S.(l Xo- Oon. 8:80-96 

" FD m:' Biotechnology, A ^ ^^ .m^ 
Gene Techno/ogy, VCH Publishers. Inc. NY, PP 399-458 (.989)), 
alt^f which retences are Incorporated herein by 

ln accordance with su* ^^HS^- « 

30 ***** 

Z ZtV *— is . a , ne,,ie ; e l v . e pA- 

te, such in vivo gene transfer. The transcnpt.on t-PA 
encodtg D^Acan be mediated from an, suitable eucaryohc 
35 prcmoter. Examples of such suitable promoters mc.ude the RSV 



WO 96/15799 



PCT/US95/15007 



-27- 

LTR, the SV40 early promoter, the cytomegalovirus (CMV) IE 
promoter, and the MMTV promoter. 

In an especially preferred sub-embodiment, the genetic 
therapy will link the t-PA-encoding DNA to sequences that will 
5 direct the secretion of the t-PA into the cerebrospinal fluid. 
The secretion of therapeutic gene products even from a modest 
population of transfected cells will create a microenvironment 
around the amyloid deposits that will contain a high 
concentration of t-PA. 

10 Although, as indicated above, such gene therapy can be 

provided to a recipient in order to treat an existing condition, 
the principles of the present invention can be used to provide a 
prophylactic gene therapy to individuals, including those who, 
due to inherited genetic mutations, or somatic cell mutation, 

15 are predisposed to Alzheimer's disease. 

VI. Administration of the Molecules of the 
Present Invention 

The above-described therapeutic agents of the present 
invention can be formulated according to known methods used 

20 to prepare pharmaceutical^ useful compositions, whereby 
these materials, or their functional derivatives, are combined 
in admixture with a pharmaceutical^ acceptable carrier 
vehicle. Suitable vehicles and their formulation, inclusive of 
other human proteins, e.g., human serum albumin, are described, 

25 for example, in Remington's Pharmaceutical Sciences (16th ed., 
Osol, A., Ed., Mack, Easton PA (1980)). In order to form a 
pharmaceutical^ acceptable composition suitable for effective 
administration, such compositions will contain an effective 
amount of such agents, together with a suitable amount of 

30 carrier vehicle. 

Additional pharmaceutical methods may be employed to 
control the duration of action. Control release preparations 
may be achieved through the use of polymers to complex or 
absorb the agents. The controlled delivery may be exercised by 

35 selecting appropriate macromolecules (for example polyesters, 



WO 96/15799 



PCT/US95/15007 



28- 



polyamino acids, polyvinyl pyrrolidone, ethylenev.nylace a te 
methylcellulose, carboxymethylcellulose, or protam.ne sulfate) 
and the concentration of macromolecules as well as the 
methods of incorporation in order to control release. Another 
; possible method to control the duration of action by control led 
release preparations is to incorporate the agents into particles 
of a polymeric material such as polyesters, polyamino acids, 
hydrogels, po.y(.actic acid) or ethylene -nylaceta e 
copolymers. Alternatively, instead of incorporating these 
0 agents into polymeric particles, it is possible to entrap these 
materials in microcapsules prepared, for example, by 
coacervation techniques or by interfacial polymerization, or 
example, hydroxymethylcellulose or gelatine-microcapsules 
and poly(methylmethacylate) microcapsules, respectively, or in 
5 colloidal drug delivery systems, for example. "P° somes . 
albumin microspheres, microemulsions. nanopart.cles, and 
nanocapsu.es or in macroemu.sions. Such techniques are 
disclosed in Remington's Pharmaceutical Sciences (1980). 

in a preferred method for treating hemorrhaging, the 
20 antibody and other amyloid peptide-binding agents of the 
present invention are provided concurrently with or more 
preferably, prior to. the administration of a thrombose agent. 
Such antibody and other amyloid peptide-binding agents are 
preferably provided by injection. most preferably by 

25 intravenous infusion. 

Previously, despite the urgency of ecute cardiovascular 
mness, the hemorrhaging associated with the administration 
of thrombolytic agents led health providers to avord providmg 
such agents until the diagnosis of cardiovascular disease had 
30 been confirmed by a cerdiologist. Since the present .nver mon 
attenuates a possibility of hemorrhage, it (enher alone, or in 
conjunction Jnh fhe administration of the thrombotic agen ) 
nJ be provided by acute care providers (such as paramedrcs 
emergency room attendants, etc.). Moreover, since no adverse 
35 side-effects of enli-amyloid antibodies are known and mm « 
delay between the administration of the anbbod.es and the 
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administration of the thrombolytic agent is desirable, the anti- 
amyloid antibodies of the present invention are particularly 
suitable for administration by emergency medical personnel in 
the treament of suspected or potential acute cardiovascular 
5 disorders. 

Having now generally described the invention, the same 
will be more readily understood through reference to the 
following examples which are provided by way of illustration, 
and are not intended to be limiting of the present invention, 
10 unless specified. 

E XA MP L E 1 

EFFECTS OF p-AMYLOID PEPTIDE ON t-PA ACTIVITY 

To investigate the effects of p-amyloid on t-PA activity 

15 three synthetic peptides were used (Figure 1). One peptide 
contained 42 amino acids and corresponded to the full-length 
p-amyloid peptide (Figure 1). The other two peptides contained 
the 28 N-terminal residues of the p-amyloid peptides found in 
Alzheimer's disease or in HCHWA-D. The p-amyloid peptides 1 - 

20 28 and 1-28 (Dutch) were obtained from Chiron Mimetopes 
Peptide Systems. The p-amyloid peptide 1-42 was obtained 
from Bachem Biosciences, Inc. The purity of the peptides was 
established by high performance liquid chromatography and 
mass spectrometry. Upon storage under specific conditions, all 

25 three peptides readily formed fibrils that are characteristic of 
P-amyloid peptides. 

Fibril formation was accomplished by taking the ..peptides 
up in water. 10x calcium and magnesium free phosphate 
buffered saline ("PBS") was added to give a 1x PBS solution 

30 (2.7 mM KCI, 1.2 mM KH2PO4, 138 mM NaCI, 8.1 mM Na2HP04). 
Fibril formation was obtained by adjusting the pH to the 
theoretical pi of the p-amyloid peptides. The theoretical pi of 
P-amyloid peptide 1-42 was 4.9; the theoretical pi of p- 
amyloid peptide 1-28 was 5.6; the theoretical pi of p-amyloid 

35 peptide 1-28 (Dutch) was 6.2. The final concentration of 
peptide was 1 mg/ml. Fibril formation was found to be rapid at 
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a dH close to the theoretical isoelectric point (pi) ot the 
peptides. Fibrils were observed immediately or within no more 
man two days at room temperature. Smalt anquots ot 
suspended aggregated peptides were adsorbed onto carbon- 
5 coated copper grids and stained with 2% (w/v) uranyl acetate. 
Samples were examined in a JEOL 1200EX electron microscope. 

The effects of p-amyloid peptides on the converse of 
plasminogen to plasmin by t-PA were studied using a 
spectrophotometry method that permits the determmabon of 
,0 the apparent first-order rate constant of plasmmogen 
activation. The assay provides a simple system for 
Yearling catalytic efficiency and for ,uan,, f y,ng 
plasminogen activator levels. is based on *e knowtedge ^tha 
the conversion of plasminogen to plasm.n 
15 Menten kinetics (Wohl. R. at a/.. J. 6,0/. Chem. 255.2005-2013 

(198 °The assay continuously measures the conversion of 
plasminogen to plasmin by monitoring the hydrolysis ol the 
chromogenic substrate N-benzoyl-L-arg.n.ne-p-n troanri de 
20 (BAPA) under non-steady slate, firs, order Condons w,«. 
respect to plasminogen. The kcat of plasmm for BAPA ,s low. 
Ideally the conversion of plasminogen to plasmin, whrch ,s a 
first-order reaction at the concentrations of plasminogen use* 
is followed for at least one third of the time requ.red for the 
25 complete activation of the plasminogen present. Th,s 
uansla.es in data-collecting times of up to 24 hours, under the 
experimental conditions used, when .he calatyhc eff^ncy 
constants are in me order of 103 M"1 s"1, as ,s .he case ol 
unseated t-PA. A chromogenic substrate with a very slow 
30 hylTy fs rate is necessary in order to avoid its dep.et,on or 
excessive accumulation of absorbance during the t.me course of 
*e experiment. The apparent first-order rate constant, k,app), 
of plasminogen conversion to plasmin is obtained from the 
assav The apparent catalytic efhcency constant 
35 WKm(app). can' be calculated if the concentrahon of 
plasminogen activator in the assay is known. 
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The results obtained with the assay are in good 
agreement with values of catalytic efficiency determined under 
steady state conditions. In cases where the determination of 
the catalytic efficiency is sufficient, this assay is 
5 considerably easier to perform than assays designed to 
determine kcat and K m ; in traditional Michaelis-Menten 
studies, difficulties arise concerning the solubility of 
plasminogen at high concentrations and determination of initial 
velocities for plasmin production. The assay is suitable for 
10 kinetic studies of purified plasminogen activators and can also 
be used for the determination of plasminogen activator activity 
levels in complex mixtures containing stimulating factors such 
as p-amyloid peptides. 

The assay was performed in calcium-and-magnesium-free 

15 phosphate-buffered saline, pH 7.4 (2.7 mM KCI; 138 mM NaCI; 
1.2 mM KH2PO4; 8.1 mM Na2HP04), containing 0.01% Tween 80 
(polyoxyethylene (80) sorbitan) at 25 °C. A typical reaction 
contained 0.5 nM t-PA (Activase™, Genentech, Inc.), 0.5 uM 
human glu-plasminogen (Calbiochem) and 0.6 mM of L-BAPA 

20 (Boehringer Mannheim). Human fibrinogen (Kabi-Vitrum) and p- 
amyloid peptides were added at 0.1 mg/ml. The assay volume 
was 0.9 ml. The reaction was monitored at 405 nm for 24-36 
hours at intervals of 48 minutes at 25 °C. Routinely, for the 
k(app) measurements: [t-PA] = 5 x 10' 10 M; [glu-plasminogen] = 

25 5 x 10" 7 M; [fibrinogen] = 3.2 x 10*7 m, when present; [BAPA] = 
0.6 mM. For the determination of the kinetic parameters, kcat 
and K m : [t-PA] = 8x10-11 M; [glu-plasminogen] = 1.7 x 10* 7 M 
to 7.3 x 10-6 M; [fibrinogen] = 3.2 x 10-7 M. 

The concentration of plasmin was determined by active - 

30 site titration with p-nitrophenyl-p -guanidinobenzoate (NPGB) 
(Chase, T. et a/., Biochem. 5:2212-2224 (1969)). The 
concentration of active t-PA (one or two chains) was 
determined by NPGB titration with a tritant concentration four 
times higher than the one used for plasmin, due to the lower 

35 affinity of t-PA for the substrate. The determination of active 
t-PA by NPGB titration was confirmed in a standard assay with 
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the substrate S-2288 (H-D-isoleucyl-L-propyl-L-arg.n.ne-p- 
nitroanilide; purchased from Kabi-Vitrum). according to the 
data supplied by ChromogenixAB, Sweden. The glu-plasm.nogen 
preparation was homogenous by sodium dodecyl sulfate- 
5 polyacrylamide electrophoresis. The yield of plasmin act.v.ty 
^ resulting from the conversion of the same lot of plasminogen 
was determined by measuring the plasmin activity after 
complete conversion by urokinase. Plasmin activity was 
correlated to plasmin concentration using a standard assay 
! o wl th S-2288 (H-D-isoleucyl-L-propyl-L-arg.n.ne-p- 
~ nitroanilide; ChromogenixAB, Sweden). Two-chain t-PA and 
plasmin-degraded fibrinogen were obtained by incubation w.th 
plasmin immobilized onto cross-linked Affigel-10. The gel 
was removed by centrifugation. 
15 Absorbance was determined using a Kontron spectro- 

photometer, equipped with an automatic cell changer. The 
cuvette holder was connected to a thermostat-con rolled water 
bath The apparent first-order rate constant of act.vat.on, 
k(app). was obtained by fitting the data to the equation: 
20 ^ 



where Abs is the absorbance at 405 nm. [plg]0 is the initial 
25 concentration of plasminogen, a(BAPA) is the specific activity 
of plasmin towards BAPA, t is time, and Abs 0 is 
absorbance. k(app) and a(BAPA) are independent variables. A 
non-linear regression program {Enzfitter, R.J. Leatherbarrow, 
Elsevier Scientific, NY, 1987) was used. The program was run 
™ with the initial plasminogen concentration as a constant and 
a BAPA) and Abso as variable parameters. The standard error 
obtained in the estimation of each of the variables was not 
oreater than 10%. The curves presented in Figure 2 are the 
ourves corresponding to an average k (a pp) obtained with a 
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minimum of two independent experiments; a(BAPA) and Absrj 
were normalized. 

When the synthetic p-amyloid peptides were analyzed in 
this system in the unaggregated form, they were found to have 
5 a greater stimulatory effect upon t-PA than fibrinogen at the 
concentrations of peptide used (Figure 2). There were only 
minor differences among the three peptides in the degree of 
stimulation. In a subsequent series of experiments the 
stimulatory effects of the p-amyloid peptides (unaggregated 

10 and aggregated forms), fibrinogen, and cyanogen bromide- 
generated fibrinogen fragments that have a stimulatory affect 
comparable to fibrin (Nieuwenhuizen, W. et a/., Eur. J. Biochem. 
7 74:163-169 (1988)) were examined. A number of control 
proteins were also tested and these included bovine serum 

15 albumin (BSA), ovalbumin, pyruvate kinase, and apoferritin. 
Corticotropin releasing factor (CRF) and growth hormone 
releasing factor (GRF) were also used as control peptides based 
upon the fact that they had similar sizes (41 and 29 amino 
acids respectively), a similar content of hydrophobic residues, 

20 and that the pi was either similar (CRF, pi 4.98) or opposite 
(GRF, pi 10.38) to the pi of the p-amyloid peptides. These 
peptides precipitated out of solution when the pH was adjusted 
to the theoretical pi and did not form fibrils. 

Apparent first-order rate constants of plasminogen 

25 activation were obtained under non-steady state conditions 
(using 0.5 nM t-PA) by t-PA in the presence of different 
stimulators. The calculated apparent first-order rate 
constants of plasminogen activation in the presence and 
absence of these proteins (Table 1) showed that the p-amyloid 

30 peptides, unlike all of the control proteins, had a marked 
stimulatory effect upon the activity of t-PA. In Table 1, k( a pp) 

is the average ± standard error of 2-6 independent experiments; 
protein was 0.1 mg/ml in each assay. Aggregated material was 
evaluated using either material stored for a short term ("S," 
35 designating the use of material that had been stored at 4 °C 
with 0.02% sodium azide for less than 2 weeks prior to assay), 
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or material that had been stored for a long term ( L 
designating the use of materia, that had been stored at 4 C 
with 0.02% sodium azide for 6-10 weeks pr.or to assay). 



10 



15 



Table 1 



Protein |- — £i2£ 

1.7 ± 0.8 



— — rr — : | 2.3 ± o j 

Bovine Serum Albumin — - - - 

Ovalbumin 2 0 ± 0.5 

Pyruvate Kinase . 1 2 0±0 . 9 

Apoferritin . ■ — ± Q6 

Corticotropin Releasing Factor J — • ^ 

firowth Hormo ™ Releasing Factor • - ~ 

■ Fibrin °9 e ? — T- I 65.4 ±" 13.4 

HNBr-Fibrinog en Fragments 

R-Amvloid Peptide s 1-28 Unaggregated 13.9 t 0- 2 

' R . Amvloid Peptide * 1-28 Aggregated (S) 12.1 - 0.4 

I.Amvloid Peptides 1-28 Aggregated (L) nf 

- R .A mvlQ id Peptides Dutch. Unaggregated I 4.5 ± 0 1 

ft .Anw.oid Peptides [j ^tch. Aggregated 8 17 0 t 0.5 



R-Amvloid Peptide * 1-28 Dutch, Aggregated (L) 22.1 ± 9 1 



13.4 ± 0.4 



ft-Amyioid Peptides 1-42 Unaggregated, 
B-Amvloid Peptides 1-42 Ag gregated (S) 

There was little significant increase in the stimulatory 
effect with short term aggregation. However, after ^ 
storage at 4 °C in the presence of 0.02% sod,um azide greater 
Son was observed in the effects of unaggregated versus 
aggregated forms of the peptides. With some aggregated 
samples first-order rate constants of 

times higher than tor unstimulated t-PA were obtamed. These 
21 o activation are comparable to that obtained for f.bnn. 
Thus, t highly aggregated forms of the peptHer . may hat* a 
m0 ,e pronounced stimulatory affect on t-PA acbvrty than 
unaggregated forms. The effects of the p-amylcd peptides 1 - 
28 were evaluated in both aggregated and uneggregated forms 
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on the activity of urokinase, the other major activator of 
plasminogen in the extrinsic fibrinolytic pathway. No 
stimulatory effect was detected. 

In separate experiments, initial velocities of plasminogen 
5 activation by t-PA were obtained under steady state 
conditions, using a different assay system. The catalytic 
efficiencies are compared with those obtained through the 
determination of the apparent first-order rate constant of 
activation: 

10 

fcfeppJ^cattt-PA]/!^ 



and defined as kcat/Km (app). The assays were carried out in 
the same assay medium as used above in the rate analysis. 

15 Initial velocities of plasminogen conversion to plasmin were 
calculated using the plasmin chromogenic substrate S-2251 (H- 
D-valyl-L-lysine-p-nitroanilide; Kabi-Vitrum). 

Lineweaver-Burk plots of plasminogen activation by t-PA 
in the absence or in the presence of fibrinogen or the 

20 unaggregated p -amyloid peptides 1-28 (Figure 3) allowed the 
determination of kcat and K m . With the p-amyloid peptides the 
K m was lower than for unstimulated t-PA and the k^t was 
higher, as observed for fibrinogen, but the changes were more 
pronounced. The catalytic efficiencies (k ca t/K m ) obtained in 

25 these assays confirmed the values of catalytic efficiency 
derived from the apparent first-order rate constant of 
plasminogen activation, obtained previously under non-steady 
state conditions (Table 1 and Figure 3). The results of the 
kinetic data are summarized in Table 2. 

30 
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Stimulator 



None 

Fibrinogen 
p-Amyloid 
Peptide 1-2 8 
p-Amyloid 
Peptide 1-28 
I Dutch 



0.030 
0.051 
0.058 

0.058 



6.7 
3.3 
1.9 

7T 



kcat/Km 



0.0045 
0.0155 
0.305 

0.0325 



0.0033 
0.0157 
0.0278 

0.0290 



] 



In sum, the above Example shows that p-amyloid pept.des 
are able to stimulate the activity of t-PA in vitro. In most 
cases of Alzheimer's disease, p-amyloid peptides accumulate 
5 mainly as a cerebral parenchymal deposit rather than in ^vessel 
walls This situation is in contrast to that seen .n HCHWA-D i n 
which blood vessels are predominantly affected. Expenments 
have suggested that the p-amyloid peptides m cerebral blood 
vessels originate in the vascular system (Tagliavin., F. et al 
10 Lao. investigation 62:761-767 (1990); Se.koe 

Aging t0:387-395 (1989); Haass. C. et al., Nature 359.322-325 
0992); Joachim, C.L et a/., Nature 347:226-230 (1989)). The 
different pattern of accumulation seen between the 
Aimer's amyloid peptide and the HCHWA-D p-amylo.d 
15 peptide may be attributed to differences in hydroph.l.c.ty 
5 and^r isoelectric point. The mutation in the HCHWA-D pept.de 
decreases the solubility and shifts the pi of the pept.de closer 
to the pH of blood. These changes may thus result in p-amylo.d 
peptides having different propensities to form f.br.llar 
20 aggregates and thus contribute to the pronounced depos.t.on of 
fibrils in the cerebrovascular system of HCHWA-D patients. 

It has been suggested that the accumulation of p-amylo.d 
within a blood vessel structurally weakens the vessel wall and 
eventually gives rise to hemorrhage (Torack, R.M., Amer. J. 
25 Pathol. 81:349-366 (1982)). The findings of the present 
~ invention indicate that the pathogenesis of brain disorders 
associated with the presence of p-amyloid fibrils .s .n part a 
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consequence of inappropriate stimulation of plasminogen 
activation by t-PA. It is known that in blood, free plasmin i s 
rapidly neutralized by alpha2-antiplasmin. Thus, similar to 
what happens on a fibrin surface, t-PA and plasminogen can 
5 bind to the p-amyloid peptide fibrils and the newly formed 
bound plasmin can be protected from the action of alpha2- 
antiplasmin (Lijnen, H.R. et al., Semin. Thromb. Hemost. 8:2-10 
(1982); Trang-Thang, C. et al., Blood 63:1331-1337 (1984)). 
Such a situation, if chronic, would provide a mechanism for 

10 damage to the blood vessel wall caused by p-amyloid peptide 
deposition. A high local concentration of plasmin could 
contribute to vessel damage leading to rupture of the vessel 
wall. This situation would be particularly relevant in HCHWA- 
D, where the accumulation of p-amyloid peptides within the 

15 vessel wall is extensive. 

In sum, an analysis of the effects of p-amyloid peptides 
on t-PA has revealed that the p-amyloid peptides that 
characterize Alzheimer's disease and HCHWA-D have a marked 
stimulatory affect upon plasminogen activation by t-PA, 

20 comparable to that of known stimulators of t-PA. This finding 
is significant in that it provides a means of investigating and 
controlling the pathogenesis of Alzheimer's disease, HCHWA-D 
and CAA-related cerebral hemorrhage. It also provides an 
explanation for the deaths resulting from intracerebral 

25 hemorrhage that have occurred in patients undergoing t-PA or 
streptokinase treatment for acute cardiovascular disease 
(Pendlebury, W.W. et al., Annls. Neurol. 28:210-213 (1989); 
Wijdicks, E.F.M. et al., Stroke 24:554-557 (1993); Kase, C.S. et 
al., Annls. Intern. Med. 112:17-21 (1990)). 

30 EXAMPLE 2 

ACTIVE SITE I 126 LABELED TISSUE-TYPE PLASMINOGEN 
ACTIVATOR BINDS TO SYNTHETIC AMYLOID FIBRILS IN A 
KRINGLE DEPENDENT MANNER 

35 Qualitative binding studies with radiolabeled tPA and 

amyloid fibrils were conducted. Using tPA:fibrin binding as a 
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control it was found that tPA binds to amyloid fibrils formed 
from p 1-28 and B 1-40 peptides. The addition of e- 
aminocaproic acid to the binding mixtures was capable o 
competing out amyloid binding, thus indicating that 
5 tPA:amyloid binding was kringle dependent. 

Active Site Radioiodination of the tPA. Peptidyl 
chloromethyl ketones irreversibly inhibit serine proteases by 
covalently binding the active site histidine. D ' T y r ' Pr °- Ar 9- 
chloromethyl ketone (Bachem Bioscience) was rad.o.od.nated by 
10 the chloramine-T method and subsequently used to modify the 
active site of tPA. (Keyt, et a/. Anal. Biochem 206:73-83 
(1992)) 1 mCi of I 125 was mixed with YPRck in 1 M Tns-HCL, 
0.01% Tween 20 at pH 7.5. To initiate iodination 10 ul of 1 
mg/ml Chloramine-T was added. After 1 minute, 20 ul of 1 
15 mg/ml sodium metabisulfite was added to reduce the 
Ch,oramine-T and iodide. 15 ul of 1 mg/m. tPA was then 
added, and the mixture was incubated at room temperature for 
1 hour to allow the YPRck to bind to the tPA. Radiolabeled tPA 
was purified from free iodine and unreacted YPRck using a PD- 
20 10 column preequilibrated with PBS and 0.003% Tween 20. The 
labeled protein was stored at -20° C. 

Synthetic Amyloid Fibril Formation. 111-28 (Ch.ron 
Mimofopes Peptide Systems) and 61-40 (Bachem Bioscience) 
peptides were dissolved in water. ^rogation soUtbon 
25 conditions were 1x PBS, Img/ml P-pepede an the .* «J 
adjusted to the theoretical pi of the pepttdes (5.6 for pi 28 
and 4 9 for 61-40). Solutions were kept at room temperature. 
Fibril' formation was confirmed by light scattering and 
transmission electron microscopy. „, 
30 Binding of Active Site-labeled tPA to Amylotd F.bnls or 

,o Fibrin. tPA binding was determined * ,** 
method of Higgins and Vehar (Biochem. 26:7786-7791 (1987)). 
Labeled «PA a, approximately 0.5 nM was combmed w,.h 0^ 
mg/ml (final 6-pep«oe fibrils in 1x PBS pH 7.4, 0.01 A Tween 
« 80 and 0 5% BSA. After 1 hour at 25°C, the mixtures were 
cenflged a, greater fhan 10,000 rpm to pellet «he fibrils, 
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Aliquots of the supernatant were counted for gamma emissions. 
Percent labeled tPA bound to fibrils was determined by 
comparing the counts of the binding mixture to a control with 
no fibrils. 

5 To confirm that the labeled tPA's protein binding surface 

was not altered by the radioiodination, it was bound to fibrin 
by substituting fibrinogen for the fibrils. Fibrin clot formation 
was initiated by adding 0.4 units/ml (final) human thrombin. 
The remainder of the assay proceeded as above. 
10 Inhibition of kringle-dependent labeled tPA Binding to 

Amyloid Fibrils and Fibrin Using £ -aminocaproic acid. Binding 
solutions were set up on the same manner as previously noted 
except that £ -aminocaproic acid at 0.1 M was included. 

The results of these experiments are presented in Table 

15 3. 



Table 3 


Sample 


% tPA Bound 


P 1-28 Amyloid Fibrils 


36% 


p 1-40 Amyloid Fibrils 


62% 


Fibrin 


58% 


1-28 Amyloid Fibrils 

with 0.1 M £ -aminocaproic acid 


7% 


Fibrin with 0.1 M £ -aminocaproic acid 


13% 



While the invention has been described in connection with 
specific embodiments thereof, it will be understood that it i s 

20 capable of further modifications and this application is 
intended to cover any variations, uses, or adaptations of the 
invention following, in general, the principles of the invention 
and including such departures from the present disclosure as 
come within known or customary practice within the art to 

25 which the invention pertains and as may be applied to the 
essential features hereinbefore set forth and as follows in the 
scope of the appended claims. 
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5 

(2) INFORMATION FOR SEQ ID NO:1: 

(i) SEQUENCE CHARACTERISTICS: 
1 0 (A) LENGTH: 42 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

15 

(iii) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: N-terminal 

20 (vi) ORIGINAL SOURCE: 

(A) ORGANISM: AMYLOID PEPTIDE 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1: 

25 

Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His Gin Lys 
15 10 15 

Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Ala He He 
30 20 25 30 



Gly Leu Met Val Gly Gly Val Val He Ala 
35 40 
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WHAIiS-Ci AIMED IS: 

1 A method for preventing or treating potential vascular 
hemorrhaging in an individual which comprises 
administering to said individual an effective amount of an 
agent that specifically binds to p-amylo.d pept.de or to 
fibrils containing p-amyloid peptide. 

2 The method of claim 1, wherein said individual is 
suffering from acute cardiovascular disease, and said 
vascular hemorrhaging is incident to the administrat.on 
of a thrombolytic agent. 

3. The method of claim 1. wherein sai d agent that 
specifically binds to p-amyloid pept.de or to f.brils 
containing p-amyloid peptide is an antagon.st of B- 
15 amyloid-mediated plasminogen activation. 

The method of claim 2. wherein said thrombolytic agent 
is tissue plasminogen activator. 

The method of claim 2, wherein said thrombolytic agent 
is streptokinase. 

The method of claim 2, wherein said acute cardiovascular 
disease is caused by undesired thrombus production. 
The method of claim 6, wherein said acute cardiovascular 
disease is selected from the group consisting of 
myocardial infarction, stroke, ischemia, and pulmonary 
25 embolism. 

8 . The method of claim 1. wherein said agent is a protein. 

The method of claim 8, wherein said protein is an 
antibody or an antibody derivative, that binds p-amylo,d 
peptide or fibrils containing p-amyloid peptide but does 
not block fibrin's ability to bind and stimulate tissue 
plasminogen activator. 



20 



4. 



5. 



7. 



9. 



30 
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10. A method for providing thrombolytic therapy and of 
preventing or treating potential vascular hemorrhaging, 
incident to the administration of a thrombolytic agent to 
an individual suffering from acute cardiovascular 
5 disease, which comprises administering to said individual 

an effective amount of a mutant derivative of t-PA, 
wherein said derivative specifically binds to fibrin, but 
is substantially incapable of binding to p-amyloid 
peptide. 

10 11. A method for diagnosing the presence of p-amyloid 
peptide in an individual which comprises administering to 
said individual a labeled agent that specifically binds to 
p-amyloid peptide, in an amount sufficient to permit the 
detection of any of said p-amyloid peptide that binds to 

15 said agent, wherein said agent is selected from the group 

consisting of (1) a tissue plasminogen activator analog 
that binds p-amyloid peptide or fibrils containing p- 
amyloid peptide but does not bind fibrin, and (2) an 
antibody, or an antibody derivative, that binds p-amyloid 

20 peptide or fibrils containing p-amyloid peptide but does 

not bind fibrin. 

12. The method of claim 11, wherein said label is radioactive 
or paramagnetic. 

13. A method for diagnosing the presence of p-amyloid 
25 peptide in an individual which comprises incubating 

material obtained from said individual with a labeled 
agent that specifically binds to p-amyloid peptide, in an 
amount sufficient to permit the detection of any of said 
P-amyloid peptide that binds to said agent, wherein said 
30 agent is selected from the group consisting of (1) tissue 

plasminogen activator; (2) a tissue plasminogen activator 
analog that binds to p-amyloid peptide, but does not bind 
to fibrin; (3) an antibody, or an antibody derivative, that 
binds p-amyloid peptide but does not bind fibrin. 
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14 The method of claim 13, wherein said label is 
radioactive, paramagnetic, enzymatic, fluorescent, or 
chemiluminescent. 
15 . A method tor diagnosing the presence of p-ernyloid 
peptide in an individual which compnses mcubatmg 
Si obtained trom said indivtdua. with t.ssue 
plasminogen activator, plasminogen and a plasm n 
Sate 9 and determining the extent to whrch p-amylo d 
component of said material, if present, shmu ales sard 
l0 Tue Plasminogen activetor ,o convert said P"fl»n 

0 plasmin, wherein said determination is aocomp rshed 

1 measuring either me change in cncentrafron - sa,d 
pLmin substrate, or the change in concentrate of a 
product of reaction between said plasmrn and sa,d 

15 plasmin substrate. 

16 The method of claim 15. wherein said label is 
radioactive, paramagnetic, enzymatic, fluorescent, or 
chemiluminescent. 

17 A method for preventing or treating Alzheimer's disease 
,„ in an individual which comprises admimstermg en 

effective amount o, tissue-plasminogen activator ,„to 
the cerebrospinal fluid of said individual. 

18 The method of claim 17, which additionally comprises 
IlLertng an effective amount of plasminogen to sard 

25 individual. 

19 A method for preventing or treating Alzheimer's disease 
fn ^individual which comprises providing a gene re 
L^,y to me CNS cells of said individual, sax, genehc 
The epy comprising the administration o< a vector ha 
directs the expression and secretion of tissue 
p—gen actlJator, or cells containing such a vector, 
irto the cerebrospinal fluid of said indivrdual. 
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20. The method of claim 19, which additionally comprises 
administering an effective amount of plasminogen to said 
individual. 

21. A method for preventing or treating Alzheimer's disease 
5 in an individual which comprises providing a molecule 

which causes transcriptional activation of the brain cells 
of said individual, wherein said activation is sufficient 
to mediate the expression of t-PA by said brain cells. 

22. The method of claim 21, which additionally comprises: 

1 0 (A) providing a second transcriptional activator to the 

brain cells of said individual, wherein said second 
activator is sufficient to mediate the transcription of 
plasminogen by said brain cells; or 

(B) providing plasminogen to the brain cells of said 
15 individual. 

23. An agent that specifically binds to p-amyloid peptide, but 
does not bind to fibrin. 

24. The agent of claim 23, wherein said agent is selected 
from the group consisting of (1) a tissue plasminogen 

20 activator analog that binds to p-amyloid peptide, but does 

not bind to fibrin; (2) an antibody that binds p-amyloid 
peptide but does not bind fibrin and (3) an antibody 
derivative, that binds p-amyloid peptide but does not bind 
fibrin. 

25 25. A method of preventing or treating nerve growth 
inhibition which comprises providing to the nerve cells of 
an individual an effective amount of a molecule which 
inhibits the binding of thrombin to p-amyloid peptide or 
to fibrils containing p-amyloid peptide. 



30 



26. 



The method of claim 25, wherein said molecule is 
selected from the group consisting of an anti-thrombin 
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antibody. an anti-B-amyloid antibody, and a p-amyl 
peptidomimetic analog. 
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